Purpose: To report the results and complications of scleral buckling for the treatment of rhegmatogenous retinal detachment (RRD) using 25-gauge chandelier endoillumination. Methods: A total of 61 patients (61 eyes) with RRD were treated with scleral buckling. For the sclera buckling procedure, a 25-gauge chandelier was inserted through the pars plana for intra-ocular illumination, and retinal tears were identified and treated with episcleral cryotherapy under surgical microscope. On postoperative days 1, 3 and 7, the intra-ocular pressure was measured by a noncontact tonometer. On postoperative months 1 and 3, ultrasound biomicroscopy was used to examine the pars plana incision. Results: In the surgical procedure, there was no lenticular or retinal damage due to the chandelier insertion. There was no conjunctival bleb formation at pars plana incision and no incidence of endophthalmitis after surgery. The mean intraocular pressure was 15.74 AE 2.98, 15.83 AE 2.76 and 16.14 AE 2.52 mmHg on postoperative days 1, 3 and 7, respectively. The one-time retinal reattachment rate was 93.4%. No visible vitreous incarceration was found in the incision of the pars plana. Conclusion: There was no complication found due to the chandelier insertion in early postoperative period. Chandelier endoillumination is a feasible method for retinal visualization under surgical microscope during scleral buckling.
Introduction
Rhegmatogenous retinal detachment (RRD) is a common cause of blindness in ophthalmology (Zou et al. 2002; Li & Beijing Rhegmatogenous Retinal Detachment Study Group 2003; Hajari 2016) . For RRD, scleral buckling is generally preferred surgical approach. Scleral buckling was introduced by Custodis, Arruga and Schepens et al. in the 1950s and is an ophthalmic surgical technique that has been successfully used to repair RRD for over 60 years (Schepens et al. 1957; Arruga 1958; Custodis 1960) . The procedure involves conjunctival incision, identification, localization and cryotherapy of all retina breaks and areas of retinal degeneration, and drainage of subretinal fluid through sclera and scleral buckling or encircling if necessary. During traditional scleral buckling, an indirect ophthalmoscope is routinely used to observe the retina. However, the indirect ophthalmoscope generates inverted image. To observe the 360°p eripheral retina, surgeons need to wear an indirect ophthalmoscope, hold a focusing lens, apply scleral top pressure and constantly move around the patient's head. It is tedious to wear and remove the equipment of indirect ophthalmoscope during surgery. Not only is the learning curve to master this technique long, but surgeons can also easily strain their neck and waist. Bonnet (1987) proposed retinal detachment repair under a microscope. Liu et al. (2006) and Zhang et al. (2011) also tried scleral buckling under direct view using a surgical microscope. Ohji & Tano (2004) tried scleral buckling under the microscope with the help of a slit lamp and contact wide-angle lens, and Nawrocki et al. (2008) tried optic fibre-free intravitreal surgical system (OFFISS). However, due to the black-box-like structure inside the eye, it is difficult to clearly observe the detailed structure of the retina with external illumination under a surgical microscope, and it requires complete dilation of pupils and deeper crushing on the sclera. Therefore, scleral buckling under the microscope has not been widely used.
In recent years, with the development of vitrectomy techniques, a chandelier endoillumination technique has been introduced. A 4-mm chandelier is inserted through a puncture of the pars plana of the sclera, and then, the retina can be visualized through surgical microscope. Implementation of scleral buckling under microscope direct vision with a 25-G chandelier endoillumination was firstly introduced by Aras et al. (2012) . Nam et al. (2013) reported the same method soon afterwards. For fundus observation, Aras et al. used a non-contact wide-angle viewing system; Nam et al. utilized a wide-field contact lens. Using a 25-G chandelier endoillumination with contact lens, we performed the scleral buckling for treatment of RRD and observed the surgical results and complications.
Materials and Methods

Patients
All patients signed informed consents before the surgery. Sixty-one cases (61 eyes) of patients aged 12-67 years received scleral buckling and completed their follow-up (6-27 months) from January 2010 to December 2013. Patient inclusion criteria were as follows: (i) RRD, (ii) transparent or mildly opaque refractive media that did not affect clear visualization of the fundus and (iii) tears in or anterior to the retinal equator. Exclusion criteria were as follows: (i) large retinal tear, (ii) macular hole retinal detachment, (iii) tears in the posterior equator, (iv) previous surgery for retinal detachment and (v) severer proliferative vitreoretinopathy (PVR) (The Retina Society Terminology Committee 1983).
Surgical methods
The conjunctiva peritomy was performed 360°, and the extra-ocular muscle was pulled as in a conventional scleral buckling procedure. A 25-G endoillumination chandelier using xenon lighting (Alcon Laboratories, Fort Worth, TX, USA) with 40% illumination was inserted 4 mm inferior to the limbus at the nasal or temporal side opposite to the position of retinal tear (Fig. 1) . A metal ring was stitched on cornea for setting a 30°o r 50°contact prism lens. The retina could be visualized directly under the surgical microscope with endoillumination of the chandelier. Under direct view through the surgical microscope, the surgeon used a cryoprobe to depress the scleral wall of the globe to identify retinal break, and cryopexy was performed (Fig. 2) . After cryotherapy, the retinal tear could also be localized under direct view of the microscope to determine the location of buckling. After removal of the chandelier, an 8.0 absorbable suture line was used to close the incision. If necessary, the drainage of subretinal fluid was performed and/or filtered air was injected into the eye.
A non-contact tonometer (Canon, Full Auto Tonometer TX-F; Tokyo, Japan) was used to measure the intraocular pressure (IOP) on postoperative days 1, 3 and 7, a slit lamp was used to observe the anterior chamber, lens and conjunctival bleb at position of chandelier inserted, and indirect ophthalmoscopy was used to check the vitreous body and fundus. Postoperatively 1 and 3 months, an ultrasound biomicroscope (UBM) (SUOER SW-3200L; Tianjin Sower Company, Tianjin, China) with a 50 MHz probe was used to check the wound of the incision on the pars plana where the 25-G chandelier was inserted.
Results
Clinical characteristics of patients enrolled in the study are summarized in Table 1 . They included retinal horseshoe-shaped tear 30 eyes, circle hole 25 eyes, retinoschisis 6 eyes, retinal single hole 19 eyes and multiple holes 36 eyes. In the operations, circular buckle 21 eyes, local depression 40 eyes, subretinal fluid drainage 22 eyes and air injection 5 eyes. Subretinal haemorrhage appeared during subretinal fluid drainage in 2 eyes. We did not find lens damage, vitreous haemorrhage and retinal injury due to chandelier inserted (Table 2) . When a 25-G knife was used to puncture the pars plana, sometimes little vitreous fluid leaked out. IOP changes before and after the surgery are shown in Table 3 . We did not find ocular hypotony within 7 days after the surgery. Postoperative slit lamp examination of the pars plana did not reveal any conjunctival bleb formation at the incision of the chandelier illumination site. Furthermore, no postoperative endophthalmitis occurred. Ultrasound biomicroscopic examination of the 25-G chandelier insertion site on the pars plana 1 and 3 months postoperatively revealed no visible vitreous incarceration and significant tissue proliferation (Figs 3 and 4) . Postoperative recurrence of retinal detachment was found in four cases, of which three were from PVR and one was due to new retinal tears. The one-time retinal reattachment rate was 93.4%.
Discussion
Initially, the chandelier endoillumination was designed to solve problems arising from having to use one hand operation during vitrectomy (Eckardt 2003) . The surgeons can take Fig. 1 . 25-G chandelier (arrow) was inserted 4 mm posterior to the corneal limbus, and a corneal ring was sutured. bimanual manipulation through directly visualizing retina under surgical microscope using chandelier endoillumination. Thus, surgeons were encouraged to think it is entirely possible to observe the retina while pressing the sclera through the chandelier endoillumination under the surgical microscope. Therefore, we were inspired to apply it to scleral buckling, and the effectiveness of surgery and complications had been observed. As the probe of inserted intra-ocular chandelier is only 4 mm, chandelierrelated lens and retina damages were not found during the operation, and chandelier-related influence on the vitreous body was also very minimal. Minimal liquefied vitreous leakage was observed when a 25-G knife was applied to puncture the pars plana. Therefore, to prevent postoperative leakage, we stitched the incision of pars plana after the removal of the 25-G chandelier. Helvaci et al. (2015) and Hodjatjalali et al. (2012) detected vitreous incarceration subsequent to intravitreal injections. However, in our study, postoperative UBM examination did not reveal any visible vitreous incarceration at the pars plana, which might be due to the incision of pars plana stitched. On the other hand, we might not detect transparent vitreous incarceration at the pars plana by our UBM, and this study is limited by the small numbers of cases and short-term observation. Conjunctival pigmentation of the 25-G chandelier insertion site has been reported by Park et al. (2010) , but no similar condition was found in our study, which may be related to the suture we made at the 25-G incision. Therefore, we observed no related complications in the application of the chandelier endoillumination system and did not find recurrent RD due to the chandelier insertion in early postoperative period. Anatomical success rate of the surgery (93.4%) was similar to FalknerRadler et al. (2015) and Gogia's report (Gogia et al. 2014) .
Direct observation of the retina under surgical microscope with chandelier endoillumination must use an observation device. Aras et al. (2012) and Nam et al. (2013) used a wide-angle lens observation device; the former used a non-contact binocular indirect ophthalmomicroscope (BIO-M) and the latter used a contact wide-angle lens. Both equipments require an inverted image converter which is expensive. We used contact lens that is commonly used in surgical vitrectomy. This device can produce erect image without the need for a converter. Using a Landers 50°prism lens, the far peripheral retina can be observed clearly under the microscope. As no converter is needed, costs are reduced. Furthermore, xenon is not necessarily needed as the illumination system in a common vitrectomy machine can provide adequate illumination.
The latitudinal location of the chandelier, placed at 4 mm posterior to the corneal limbus, is consistent with standard approach of vitrectomy, and the longitudinal location is determined by surgeon's preference. Aras et al. (2012) determined the location of the chandelier based on the location of the tear. For example, if the tear is in the lower half of the quadrant, the position of the chandelier is selected at 12 o'clock position, and vice versa. Nam et al. (2013) placed the chandelier 90°away from the tear position. The principle of our approach is that if the retinal tear is located in the temporal quadrant, the chandelier is placed at inferior nasal side; if the tear is at the nasal quadrant, the chandelier is placed at inferior temporal area; if the tear is located directly up or down, the chandelier is still placed at inferior temporal area. Luckily, no matter what position is selected to place the chandelier, any part of the retina can be visualized with endoillumination by slight changing angle of chandelier.
In addition to its production of erect images and freeing the surgeons from wearing and removing indirect ophthalmoscope repeatedly and changing Indeed, insertion of the chandelier endoillumination through the pars plana creates an incision, which means scleral buckling is not a complete extraocular surgery. However, we assume the real value of this technique is more significant than the 'extra-ocular surgery' concept itself. The chandelier provides a safe and feasible endoillumination method for retinal observation under surgical microscope during scleral buckling.
